Trichloroacetaldehyde was successfully used for the cyclisation of bis-amidines of oxalic acid 1 to afford cycloaminals in good yields. Although prototropism is a characteristic feature of the amidines the cyclisation reaction can be realized in a regioselective manner to give three types of cycloaminals 6, 7 and 8. Starting from cycloaminals 8 carbenes can be generated which immediately dimerize to the corresponding 2,3,6,7-tetrakis(arylamino)-1,4,5,8-tetraazafulvalenes 5.
Introduction
Disubstituted amidines of oxalic acid of type 1 are easily accessible by aminolysis reaction of oxalic acid bis-imidoylchlorides. 1 Due to their four nucleophilic centres they are of interest as starting materials for several heterocycles. However, the amidines 1 undergo facile E/Zinterconversion and prototropic processes called "tautomeric rotation" 2 , therefore cyclisation reactions with electrophiles often tend to the formation of regioisomeric compounds. In contrast to the s-trans conformation present in the solid state of 1 (Ar = 4-MeC 6 H 4 ) in solution these derivatives exist in several prototropic isomers depending on the solvent, e.g. 1' 1 . Thus, trialkyl orthoformates react with 1 including all four nitrogen atoms to form mixtures of diastereomeric tetrahydroimidazol [4,5-d ]imidazoles 2 1 . Unfortunately, these aminal esters are unsuitable for the use as carbene precursors because the elimination of alcohol occurs only at higher temperatures under the formation of tarry-like materials. Previously, we reported a simple reaction of 1 with the Vilsmeier reagent which resulted in the formation of tetraazafulvalenes 5 1 . As keyintermediate in a complex reaction, most-likely the cyclisation product 3 was formed in a regioselective manner. The instable orthoamide rapidly undergoes α-elimination to carbenes 4 which finally dimerize to the stable compounds 5.
Stimulated by the work of Wanzlick 3 our further attempts were guided to cyclisation reactions of 1 with trichloroacetaldehyde. The resulting cyclic aminals should possess a typical substructure for α-elimination that was applied earlier for the synthesis of numerous electronrich olefins.
3 By this way in the course of a normal α-elimination arising carbenes are meant to represent alternative precursors for tetraazafulvalenes 5 4 . In addition, due to their 1,4-diazadiene substructures the target molecules are of interest as efficient chelating ligands for numerous dmetals. 
Results and Discussion
Upon heating the amidine 1a for short time with trichloroacetaldehyde in glacial acetic acid a white precipitate is formed. Elemental analyses and spectroscopic data (MS, NMR) indicated a compound with the structure of 6. X-ray analysis of single crystals of the product allowed a final statement about the regioselectivity of this cyclisation reaction. As depicted in Scheme 2, the ring-closure took place including two different nitrogen atoms. Remarkably, the conversion of one =NH-fragment into a carbonyl group in the manner of a hydrolysis reaction took place. 
Scheme 2
The formation of product 6 can be traced back by an azomethine-like intermediate A (path a, Scheme 3). The regioselectivity might be explained by reversible protonation processes at aryl amino nitrogen as well as at imino nitrogen which is then blocked for the cyclisation reaction. In further experiments toluene was used as solvent, already after short reaction times two different products were detected by TLC. Evidence for the successful cyclisation reaction gave the molar mass at m/z = 361 for 7b and 395 for 8a as well as the characteristic signals obtained in the 1 H-NMR spectra of 7/8. Single crystal X-ray analysis allowed an unambiguous structural assignment of these compounds, as shown in Figure 1 . The structure of 7 is similar to the one of 6, despite the fact that here the ring-closure was realized by the two unsubstituted nitrogen atoms (cyclisation path b, Scheme 3). Subsequent hydrolysis forms the product in which one exocyclic imino group was again converted into the carbonyl system via hydrolysis. Compound 8 is the constitutional isomer in this cyclisation reaction possessing the structural requirements for the synthesis of tetraazafulvalenes 5. It is only formed at the cyclisation reaction at room temperature as main product, while at higher temperatures (in toluene under reflux) the hydrolysed product 7 is yielded with about 60%.
Characteristic for all three types of five-membered rings (6) (7) (8) are the chemical shifts of the protons of the tertiary carbon bearing the trichloromethyl group; in HMBC-2D-NMR they show cross-peaks with the ipso-carbon of the CCl 3 -group and one of the oxalic acid carbons; HSQC-2D-NMR of compound 8 reveals no cross-peaks with the ipso-carbon of the aryl fragment.
Furthermore, the shifts of the tertiary carbon itself and the carbonyl carbon or the imino carbon (C=NAr) are characteristic as listed below in Table 1 . Further attempts were made to investigate the suitability of the cycloaminals 6-8 as precursor molecules for carbenes. Heating up of the compounds under the microscope gave the first evidence for the formation of tetraazafulvalenes 5. The color of the melt turned deeply red at temperatures of about 100K above the melting point and in addition, gas generation was visible. Thermogravimetric measurements confirmed the elimination of CHCl 3 at temperatures of about 240°C. Upon heating amounts of 100 mg of derivatives 8a,b in a metal bath at such temperatures, the tetraazafulvalenes 5a,b could be detected by TLC. Possibly, these heterofulvalenes have been formed via dimerization reactions of preformed but unstable carbenes. The optimization of this synthesis (milder conditions, larger scale) will be the aim of further studies. 
5-(4-tolylamino)-2-trichloromethyl-2,3-dihydro-imidazol-4-one (7a)
The bis-amidine 1 (3.7 mmol, 1a: 985 mg, 1b: 1384 mg) and chloral (4.0 mmol, 0.39 ml) are heated in toluene (30 ml) under reflux for 4 hours. The solvent was removed in vacuo, the residue was washed with n-heptane and recrystallised from chloroform. 
4-Tolyl-(5-(4-tolylimino)-2-trichloromethyl-2,5-dihydro-1H-imidazol-4-yl)-amine (8a)
The bis-amidine 1 (3.7 mmol, 1a: 985 mg, 1b: 1384 mg) and trichloroacetaldehyde (4.0 mmol, 0.39 ml) are stirred in dry toluene (30 ml) at rt for several hours. The progress of the reaction was controlled by TLC (silica, toluene). After two hours (still small amount of 1 remaining) the solvent was removed in vacuo, the residue was suspended and stirred in n-heptane. Product 7 which is not soluble in n-heptane was filtered off, whereas 8 was obtained pure from the filtrate by column chromatography (silica, toluene). 
Generation of carbenes and their dimerization to tetraazafulvalene 5a
In a Schlenk-vessel derivative 8a (0.25 mmol) was heated at 200°C (metal bath) for 30 min under stirring. The reaction was stopped, when the colour of the melt turned to red-brown. Then the mixture was cooled down to rt and a small amount of methanol was added. The crude product was filtered off and purified according to the procedure reported in the literature 4 . The comparison of the product with authentic material by TLC gave identity. Tetraazafulvalene 5a was obtained as a red-brown solid (17 mg, 0.03 mmol, 25%); mp 281°C (lit. 280-282°C).
Crystal Structure Determination
The intensity data for the compounds were collected on a Nonius KappaCCD diffractometer, using graphite-monochromated Mo-K α radiation. Data were corrected for Lorentz and polarization effects, but not for absorption 5, 6 .
The structures were solved by direct methods (SHELXS 7 ) and refined by full-matrix least squares techniques against Fo 2 (SHELXL-97 8 ). For the amine-group of the compounds the hydrogen atoms were located by difference Fourier synthesis and refined isotropically. The other hydrogen atoms of the structures were included at calculated positions with fixed thermal parameters. All non-hydrogen atoms were refined anisotropically 8 . XP (SIEMENS Analytical Xray Instruments, Inc.) was used for structure representations. 
